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ABSTRACT 
Cyclic sea level charts for the Lower 
Carboniferous (Mississippian), Middle and Upper 
Carboniferous (Pennsylvanian), and Permian show 
considerable variability in the duration and 
magnitude of third-order depositional sequences, 
and also in the position of general sea level as 
represented by second-order sea level. 
Transgressive and highstand system tracts are 
numerous on the cratonic shelves of the late 
Paleozoic continents. Shelf margin wedges are 
less well represented except at times of general 
lower sea levels. Most low stand wedges and all 
low stand fan systems are structurally deformed 
and make up many of the accretionary wedges and 
displaced terranes that lie structurally emplaced 
against the former Paleozoic margins of the 
cratons. 
More than seventy named third-order 
depositional sequences (mesothems) seem well 
defined in Carboniferous and Permian rocks. They 
may be grouped into six named second-order 
supercycles which in turn are parts of the 
Kaskaskia and Absaroka megacycles (or Sloss 
sequences). 
Most third-order sequences, wherever 
possible, are named for the marine limestone 
formation(s) or member(s) that represents the 
highstand facies of that particular sequence. It 
is also the name bearer of the associated sea 
level rise and fall. The second-order sequences 
are named for areas where the general 
relationships between the second-order sequences 
are well shown as in the Upper Mississippi River 
Valley, in southeastern Arizona and southwestern 
New Mexico, and in western Texas. 
Although glaciation appears to be the cause 
of the relatively snort term sea-level changes 
associated with tnese sequences, other longer 
term causes also are suspected in order to 
explain some of the phenomena. These longer term 
causes may relate to timing and rates of plate 
motions, orogenic events, and mid-oceanic ridge 
construction. 
INTRODUCTION 
During the later part of the Paleozoic Era, 
major sea-level fluctuations having about 1 to 3 
million years duration (third-order cycles) are 
inferred from study of depositional environments 
and stratigraphic relations in the rock record in 
many parts of the world. The authors' initial 
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studies on these changes in sea level and their 
paleogeographic distribution (Ross, 1979; Ross 
and Ross, 1979, 1981a, 1981b, 1985a, 1985b) are 
elaborated on in this paper with charts in a 
similar format to that used for Mesozoic and 
Cenozoic sea-level cyclic fluctuations by Haq, 
Hardenbol, and Vail (1987 and this volume). 
The third-order cycles of sea-level changes 
are global in extent, and not relative, local 
sea-level changes (Vail and Mitchum, 1977). They 
may be grouped together into larger, second-order 
cycles by major events that partially determined 
broader patterns of late Paleozoic deposition. 
These are comparable to major events that 
determine Mesozoic and Cenozoic depOSitional 
patterns. 
In the late Paleozoic the events associated 
with second-order cycle patterns appear related 
to tectonic events and changes in paleogeography, 
such as the various steps in joining together of 
Euramerica and Gondwana late in Early 
Carboniferous. Similar types of events for the 
Mesozoic and Cenozoic, for example, would be the 
steps in the opening of the North and South 
Atlantic oceans and the Gulf of Mexico or the 
various steps of the Himalayan orogeny and the 
closing of the Tethys. Second-order cycles are 
subdivisions of first-order cycles (or Sloss 
sequences, Sloss, 1963, 1964) which are, at least 
in part, the culmination of a series of trends 
seen in second order-cycles, such as the final 
step in JOl.Q].ng Gondwana and Euramerica into 
Lesser Pangaea. In addition to naming and 
describing these late Paleozoic second-order 
cycles, we also name and describe the third-order 
cycles that they contain. 
COMPARISON WITH MESOZOIC/CENOZOIC CYCLES 
In late Paleozoic strata, it is possible to 
identify interregional unconformities and to 
correlate these from one region to another with 
biostratigraphic evidence. Mitchum and others 
(1977) defined a depositional sequence as "a 
stratigraphic unit composed of a relatively 
conformable succession of genetically related 
strata and bounded at its top and base by 
unconformities or their correlative conform­
ities". Witn the type of detailed physical and 
biostratigraphic criteria available for late 
Paleozoic strata, unconformities have been 
consistently usable and traceable, however, the 
identification of correlative conformities in 
deeper basins has been difficult (or impossible) 
to establish and correlate. Therefore, the late 
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Paleozoic cycies discussed in this paper are best 
known and most easily studied on the more stable 
shelves of cratons. 
With certain differences, sequence­
stra tigraphy concepts and terminology (Fig. 1) 
used by Haq and others (1987 and this volume) are 
applied to late Paleozoic cyclic sequences. The 
most obvious difference is the lack of continuity 
between shelf sediment systems and ocean floor 
fan systems. Also, most cratonic margins of 
Paleozoic age do not occupy their former Paleo­
zoic geographic positions (Ross and Ross, 1981b, 
1983). All the Paleozoic cratons and ocean floor 
fans have been carried by spreading sea-floor 
plates to their present geographic positions. In 
that process, most Paleozoic margins of the 
cratons were structurally deformed to various 
degrees and have younger margins made up of 
complexly folded and faulted accreted terranes 
composed of microcratons and fans and margin 
deposits (Monger and Ross, 1971). In some cases, 
their reconstruction is not possible because the 
sedimentary deposits have been destroyed in 
subduction zones. Further, because of their 
complex internal structure, accreted terranes are 
not suitable for use in detailed seismic analysis 
aimed at reconstructing depositional patterns. 
Such reconstruction is possible for the 
relatively undeformed Cretaceous and Cenozoic 
depositional systems in many parts of the world. 
Eventually it may be possible to identify strata 
in these accreted terranes as being the same age 
as relatively undeformed strata on the craton 
and, in that way, bring together different parts 
of individual sequences. However, it is not 
possible at this time to identify undeformed late 
Paleozoic lowstand system wedges and oceanic fans 
on seismic profiles. 
Another difference lies in the depositional 
setting . Most of the rock record on which the 
Cenozoic sea-level curves and the sequence­
stratigraphy concepts have been developed are in 
clastic-rich depositional settings on passive 
cratonic margins, such as the Gulf of Mexico. 
Paleozoic sequence-stratigraphy, on the other 
hand, is based mainly on cratonic shallow water 
carbonate-rich or mixed carbonate-clastic suc­
cessions with numerous calcareous fossils . In 
these Paleozoic stratigraphic sections, detailed 
fossil zonations and time correlations are well 
es tablished. Seismic interpretations and seis­
mic correlation for these rocks are much less 
useful for developing sequence-stratigraphic 
interpretations than in cratonic margin and 
continental slope settings of the Cretaceous and 
Cenozoic . Thus, those principles and concepts of 
sequence-stratigraphy that deal with trans­
gressive depositional system tracts and highstand 
depositional system tracts are the ones most 
readily applicable to Paleozoic strata. Lowstand 
depositional fan system tracts, lowstand deposi­
tional wedge system tracts, and shelf margin 
depositional wedge system tracts are less 
commonly preserved or are less easily identified 
in Paleozoic rocks and are usually tectonically 
deformed. 
On the other hand , many features of 
sequence-stratigraphy (Fig. 1) are well known in 
Paleozoic successions, particularly in shallow 
intracratonic basins and their margins. Both 
types of sequence boundaries are well repre­
sented. The first type shows extensive erosion 
and valley and canyon cutting on the shelves 
during very low sea-level stands below the 
cratonic shelf margin (type 1 boundaries or type 
1 unconformities of the Exxon group) . The second 
type of sequence boundary is shown by weathering, 
non-deposition, minor solution (in carbonates), 
and hard ground development during times when 
sea-level stands dropped fo positions at or just 
above the shelf margin edge (type 2 boundaries or 
type 2 unconformities of the Exxon group). 
TRANSGRESSIVE AND HIGHSTAND SYSTEM TRACTS 
The stable parts of Paleozoic cratonic 
shelves include a great variety of thin, wide­
spread rock units . Most are fluvial to shallow 
subtidal deposits of mixed carbonate and clastic 
sediments that are part of transgressive and 
highstand systems tracts. Because the topogra­
phy of these shelves had extremely low relief 
(nearly flat), a small increase or decrease in 
sea level resulted in great lateral displacement 
of the shoreline and the lithofacies and bio­
facies. Thus, the actual area available for 
retaining additional sediments because of a small 
rise in sea level was very large. These wide 
shallow shelf areas also led to warm, very 
shallow, and geographically extensive areas which 
encouraged carbonate-producing faunal communities 
to subdivide the environment into many, clearly 
defined and bounded, specialized communities. 
These communities shifted back and forth across 
and laterally along the shelves giving rise to 
widespread traceable limestones that are only 
slightly diachronous at different places. 
Because of the depositional features of late 
Paleozoic shelves, during sea-level highstands, 
the small amount of clastic sediment that was 
available was retained mainly in the shoreline 
clastic facies and relatively little of it 
by-passed the shallow subtidal carbonate facies. 
Those parts of the outer shelves that became too 
deep for carbonate production as sea level rose 
were starved of sediments and have thin, phos­
phate-rich dark shales forming condensed sec­
tions (Heckel, 1986) . This is particularly 
typical of many Pennsylvanian cycles and indi­
cates that vertical growth of the carbonate 
communities, for whatever reason, commonly was 
unable to keep up with the rate of sea level 
rise. The resultant deposits demonstrate the 
contrasting lithologies of these cyclical 
repetition of facies that accompanied each sea­
level rise and fall; eg., cyclothems (Weller, 
1930; Wanless and Shepard, 1936) and megacyclo­
thems (Moore, 1958). In intracratonic basins on 
the stable parts · of th~ cratons, repeated 
condensed sections are commonly stacked on one 
another and may represent several depositional 
sequences. 
These mainly passive intracratonic shelves 
and margins in the Mississippian and Permian 
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FIGURE 1. Idealized model of the concepts of depositional sequences. A, Cross-section showing 
stratigraphic relations. B, Same cross-section redrawn to show time relations. Surfaces are: SB 
sequence boundaries (SB 1 = type 1 sequence boundary, SB 2 = type 2 sequence boundary), DLS downlap 
surfaces (mfs = maximum flooding surface, tfs = top fan surface, tIs = top leveed channel surface), 
and TS = trangressive surface. System tracts (or genetic stratigraphic units) are: HST = highstand 
systems tract, TST = transgressive systems tract, LSW = lowstand wedge systems tract (ivf = incised 
valley fill, pgc = prograding complex, and Icc = leveed channel complex), and SMVl = shelf margin 
wedge systems tract. (After Haq and others, 1987.) 
commonly were dominated by carbonate transgres­
sive and highstand system tracts perhaps because 
they were times of higher carbonate production or 
were times of slower rates of sea-level change 
(see discussion by Kendall and Schlager, 1982). 
Examples would be the Illinois Basin (Lineback, 
1981) and the Tobosa Basin (western Texas and 
eastern New Mexico) during the Tournaisian and 
the early to middle Visean (Lane and De Keyser, 
1980) and the Delaware Basin during the 
Leonardian and Guadalupian. The maximum flooding 
surfaces (mfs) at the end of the construction of 
the transgressive systemstract and just prior to 
construction of highstand systems tract are not 
well represented by condensed sections on these 
shelves, however, the condensed sections are 
stacked in the adjacent shallow intracratonic 
basins. 
SHELF MARGIN AND LOW STAND WEDGES 
Shelf-margin wedge system tracts and 
lowstand wedge system tracts are difficult to 
differentiate in late Paleozoic rocks mainly 
because of later structural disturbances along 
the former cratonic margins. The best candidates 
for shelf-margin wedge system tracts are in rocks 
of the Morrowan and Atokan Series along the 
southern and western edges of the North American 
craton. In eastern Oklahoma and northern 
Arkansas, the type areas for the Morrowan and 
Atokan Series, the lithologic facies and 
restricted geographical distribution of these 
rocks along the edge of the Paleozoic craton seem 
to fit a carbonate/clastic shelf-margin wedge 
setting and represent deposition during a series 
of generally low sea-level highstands (Figs. 2, 
3). The lower (latest Chesterian to Atokan) 
parts of the Ely Limestone in northeastern and 
eastern Nevada probably are typical of a 
carbonate shelf-margin wedge system tract, and 
were deposited during the same cycles of low 
sea-level stands. 
During the late Paleozoic, parts of the 
Euramerican craton were not stable. For example, 
in Oklahoma, Texas, New Mexico, Colorado, and 
Utah, and in the greater Donetz basin of 
Ukrainia, long linear high angle to vertical 
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reverse faults created a system of structural 
basins and blocks. These included the Paradox 
and Oquirrh basins and the Ancestral Rocky 
Mountains. Thick wedges of commonly arkosic 
sediment poured into the basins from the adjacent 
uplifts. Along the western margin of the 
Euramerica craton, the Antler-Sonoma orogeny 
formed complex uplifts, imbricated thrust sheets, 
and adjacent foredeep basins. The Appalachian 
orogeny along the southeastern margin produced 
extensive alluvial plains and terrestrial 
clastics. Much of that material was re­
deposited during sea-level lowstands as turbi­
dite fans in the Ouachita-Marathon trough during 
the late Mississippian and Pennsylvanian. 
Identifying lowstand wedge systems and 
lowstand fan systems tracts in late Paleozoic 
rocks is difficult because most of these 
sediments later became parts of the deformed 
rocks within the Hercynian-Appalachian-Ouachita­
Marathon and Antler-Sonoma orogenic belts. The 
source for much of the clastic sediment in those 
orogenic belts was from the advancing northern 
edge of Gondwana (or from oceanic arcs and 
microcontinents in PaleoPanthalassa in the case 
of the Antler-Sonoma belt) rather than from the 
passive margins of Euramerica. Along the 
southern margin, most of these clastics are 
coarse turbidites, including megaclastic 
turbidites, and it is extremely difficult to 
separate the effects of tectonic oversteepening 
of mobile shelf edges and other tectonic events 
along the active margin of Gondwana from the 
effects of eustacy events. These turbidite 
clastics were thrust over the southern margins of 
Europe and North America (Euramerica) in many 
places and have obscured and deformed any late 
Paleozoic lowstand wedges and lowstand fans that 
were deposited there. 
In summary, it is possible to recognize the 
various parts of the sequence-stratigraphic 
depositional model within late Paleozoic strata. 
On the cratonic shelves and shelf margins, the 
highstand, transgressive, and shelf margin wedge 
systems seem clearly identifiable. The lowstand 
wedge and lowstand fan systems are more difficult 
to identify and may be mostly concealed by 
Hercynian orogenic structures .. 
LATE PALEOZOIC SEA-LEVEL CHARTS 
Although we closely follow the format of the 
Mesozoic and Cenozoic charts prepared by Haq and 
others (1987 and this volume), several changes 
were dictated by the different kind of available 
evidence. First, we include no data on magneto­
stratigraphy. Most late Paleozoic paleomagnetic 
studies have been concerned with the important 
problem of finding reliable pole positions in 
order to construct apparent polar wandering 
curves. Most of the base data are from red beds 
or volcanics. Although these are adequately 
located stratigraphically and geographically for 
polar wandering studies, they generally are not 
adequately dated faunally or radiometrically to 
add any precision to the sea-level charts. We do 
know that magnetic polarity reversed 
repeatedly during the late Paleozoic, just as it 
did in the Mesozoic and Cenozoic, and that the 
Kiaman interval of predominantly reversed poles 
extended from about the beginning of the Late 
Carboniferous to near the end of the Permian. 
Much of the paleomagnetic data for polar wander­
ing studies includes averaging both normal and 
reversed pole positions and this suggests that 
when studied in sufficient detail a magnetic 
polarity scale eventually may be feasible for the 
late Paleozoic. 
Time Scale 
The absolute age scale (time in millions of 
years) is based mainly on Harland and others 
(1982). The Decade of North America geology 
scale (Palmer 1983) follows the Harland and 
others t scale for this part of the Paleozoic. 
The COSUNA chart (Salvador, 1985) does not give 
enough information to know how its absolute time 
scale was constructed or, in some cases, the 
details of the international correlation of 
several of the boundaries used to form the chart. 
A more important point about all three age 
scales, however, is that the published estimated 
errors on all of these Paleozoic dates is at 
least ±6 million years and most are ±IO to ±12 
million years or about 10 times the duration of 
individual sequences as estimated by Ramsbottom 
(1979) and by Ross and Ross (1985b). Because the 
absolute age scale for late Paleozoic eustatic 
events is only a rough estimate of the timing of 
these events, we have not tried to place absolute 
ages on the maximum flooding surfaces (mfs) or on 
unconformities and correlative conformity 
surfaces between sequences. Such ages in the late 
Paleozoic are not accurate enough to carry 
significance. 
Biostratigraphy 
The biostratigraphy column uses a different 
set of zonal faunas than used for the Mesozoic 
and Cenozoic. Planktonic (or nektonic) faunas 
include conodonts which are widely used 
correlation guides for the Lower Carboniferous 
and lower part of the Middle Carboniferous, and 
to a lesser extent for parts of the Permian. 
Also, nektonic ammonoid zones are included where 
possible. However, the most exhaustive zonal 
faunas are the shallow-water benthic foraminifers 
which are widespread in the carbonate facies of 
the transgressive, highstand, and shelf margin 
systems tracts. Bryozoans, brachiopods, corals, 
and blastoids are also useful zonal fossils in 
many of the shelf carbonate facies. Other fossil 
groups may be useful, particularly in other parts 
of the Paleozoic column, such as the planktonic 
graptolites and acritarchs in OrdOViCian, 
Silurian, and Devonian rocks. A more detailed 
discussion of the late Paleozoic faunal zonation 
that we show in Figures 2, 3, and 4 is presented 
in the accompanying faunal analysis by Ross and 
Ross (this volume). 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































142 ROSS AND ROSS 
late Paleozoic zonations, the type of zonations 
are similar to those used in the Mesozoic and 
Cenozoic charts. Most are a combination of 
overlapping range zones of genera and species. 
Some are species range zones. Others are based 
on first occurrences, and still others on last 
occurrences. In several faunas, genera have 
different stratigraphic ranges in different 
parts of the world because of paleogeographic 
provinciality (Ross and Ross, 1981, 1982, 1985a). 
This is comparable to differences in 
stratigraphic ranges of Cenozoic plankton be­
cause of latitudinal (or temperature) gradients 
or because of living in different ocean basins. 
SEQUENCE NOMENCLATURE 
The International Subcommission on 
Stratigraphic Classification (Salvador, 1987, p. 
236) has recently expressed its decision that 
names of unconformity-bounded stratigraphic 
units ... "require a separate and distinctive 
nomenclature" and ... "should be formed of the name 
of an appropriate local geographic feature at or 
near the location where the unit is well 
developed, combined with a term that properly 
indicates the kind of stratigraphic unit." The 
subcommission further recommended these units be 
called "synthems" and, when needed and useful, be 
subdivided into "subsynthems" or combined into 
"supersynthems." The subcommission also men­
tioned "miosynthem" which they defined as "a 
relatively small, minor synthem within a larger 
synthem, but not a component of a hierarchy of 
unconformity-bounded units" .... 
Chang (1975) first used and clearly estab­
lished "synthem" for a unit of approximately 
"System" level in size. This established a 
"synthem" as being of the same general magnitude 
as a "Sloss sequence" or a "Megacycle" as 
commonly used on sequence stratigraphy charts 
(Haq and others, 1987, this volume; Ross and 
Ross, this paper). Sub synthems , as subdivisions 
of synthems, are at the 'supercycle' or 'Second­
order' level as used on the cycle charts. It is 
possible Chang's (1975) "interthem" should be 
used for this size unit. Unconformity-bounded 
units of a smaller size were referred to as 
"stratigraphic sequences" or "third-order cycles" 
(Vail and others, 1977; Mitchum and others, 1977; 
Haq, and others, 1987, and this volume), and as 
"mesothems" (Ramsbottom, 1977). These units are 
closely equivalent in size and concept to Moore's 
(1958) "megacyclothems". It is at this 
third-order level, based on current understand­
ing, that unconformity-bounded units have become 
useful as worldwide stratigraphic tools and it is 
on this level that they are recognizable based on 
biostratigraphic information. These are the 
operational units for studying eustatic sea-level 
fluctuations. 
Smaller unconformity-bounded units include 
"cyclothems" (Weller, 1930; Wanless and Shepard, 
1936; Beerbower, 1964; Wanless, 1964) which have 
been referred to the level of fourth-order 
cycles. Heckel (1986) has demonstrated that 
numerous cycles of this level of magnitude are 
common within the Middle and Upper Pennsylvan­
ian "megacycles" of Kansas. Brown (1969a,b, 
1979) and Boardman and Malinky (1985) showed 
similar data for the Upper Pennsylvanian and 
Lower Permian of northcentral Texas, and Busch 
and Rollins (1984) used these types of units (and 
also smaller units) in Middle and Upper 
Pennsylvanian beds in Pennsylvania. 
Smaller, or fifth-order, depositional cycles 
are recognized by Goodwin and Anderson (1985) 
which they refer to as punctuated aggradational 
cycles (or PAC's). These very small cycles 
commonly are contained within one depositional 
bed. 
Names of Sequences 
The sequence stratigraphy column names the 
large or first-order cycles after the Sloss 
(1963) sequences. These include parts of the 
Kaskaskia and Absaroka sequences. 
The MisSissippian (Lower Carboniferous) part 
of the Sloss Kaskaskia sequence includes the 
upper part of the Pike and all of Monroe and 
Randolph second-order cycles. The lowest, the 
Pike second-order sequence, is named for Pike 
County, Illinois. This is the type area of the 
Kinderhookian Series (Mississippian). This area 
also shows the relationships to the underlying 
predominantly dark shaly beds of the Upper 
Devonian which form the lower part of this 
second-order sequence. 
The Monroe second-order sequence, is named 
for Monroe County, Illinois, where the largely 
shelf successions of the Chouteau though Ste. 
Genevieve carbonates are well exposed and where 
many of the formations in this part of the 
MissiSSippian have their type sections. 
The Randolph second-order sequence is named 
for Randolph County, Illinois, where most of the 
formations from the Tar Springs through Grove 
Church interval of the Chesterian (Upper 
Mississippian) are exposed and named. This 
second-order sequence is a grouping of 
third-order sequences of mixed lithologies of 
sandstones, mostly dark shales, and limestones. 
The lower pa rt of the Sloss Absa roka se­
quence (Morrowan and Atokan strata) forms a 
second-order sequence called here the Pedregosa 
second-order sequence. It is based on nearly 
complete exposures of strata of this second-order 
sequence in and around Pedregosa basin in south­
western New Mexico and southeastern Arizona 
(Ross, 1973). These beds are well exposed in 
many basin ranges in that area and include shelf 
carbonates with well defined unconformities that 
pass into shallow carbonate basin facies with 
little break in deposition. 
The succeeding second-order sequence 
includes beds of Desmoinesian, Missourian, 
Virgilian, and Bursum age. They also are well 
exposed in successions in the basin ranges in 
southeastern Arizona and southwestern New Mexico 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































144 ROSS AND ROSS 
second-order sequence, named for Tombstone, 
Arizona, to these beds. It is possible that 
future studies will show that the lower Wolf­
campian Neal Ranch should be included in this 
second-order sequence (rather than in the 
Transpecos second-order sequence) because Neal 
Ranch age rocks lie on top of the Tombstone and 
share many depositional features with it. 
The Permian System is treated here as a 
large second-order cycle, although its lower one 
or two third-order cycles of the Wolfcamp (Neal 
Ranch) at its base are transitional with the 
Tombstone second-order cycle below, and its upper 
four third-order cycles (Djulfian) are transi­
tional with nonmarine beds typical of the upper 
Absaroka (Triassic) nearly everywhere except in 
the Tethys area. Because this second-order cycle 
is well exposed and well studied in western 
Texas, we are calling it the Transpecos second­
order cycle. 
Third order Sequences and Sea Levels 
The column showing a saw-tooth pattern is 
the third-order representation of relative 
changes in coastal onlap. Symbols on that curve 
show those sea-level changes that are considered 
to have fallen below the edge of stable cratonic 
margins and which were accompanied by the erosion 
of stream and river channels (type 1 unconform­
i ties). Other sea-level changes are considered 
to have fallen only to the outer portion of a 
cratonic shelf (type 2 unconformities). Promi­
nent condensed sections are shown as unshaded 
wedges on the chart. Because these condensed 
sections typically separate the transgressive 
system tracts (below) from the highstand system 
tracts (above), we have not used a separate 
column for designating the system tracts. Only 
in the Pedregosa second-order cycle sequence are 
third-order shelf margin system tracts commonly 
preserved and these seem to be associated with 
river channels, coals, underclays, and terres­
trial clastics higher on the shelf, suggesting a 
merging of type 1 and type 2 unconformities. As 
mentioned earlier, the present lack of precise 
absolute age assignments does not permit desig­
nation of specific ages for sequence boundaries 
and downlap surfaces so these ages are not 
included. 
The eustacy curve column shows long term 
(second-order cycle) trends in sea-level change 
and shorter term (third-order) trends. Not all 
of the many smaller sea-level fluctuations which 
occur within the third-order fluctuation are 
shown. Some of these fourth-order trends have 
been documented in detail for parts of the Middle 
and Late Carboniferous by Heckel (1986). Suffice 
it to say, the third-order eustacy curve is in 
its self not a smooth sea-level curve, but 
internally these sea-level changes had minor 
fluctuations which rose and fell with hesitation, 
irregularly, and were associated with considera­
ble lateral shifting of depositional environments 
both perpendicular and parallel to the shore. 
Naming third-order depositional sequences 
(or cycles) is made more complicated because of 
the large number of sequences of this size which 
are known (60 to 70). Because the identification 
of each of these is based on interpretation of 
the strata and their fossils, it seems appropri­
ate not to introduce a totally new and different 
set of stratigraphic place names lest the result 
be an Unintelligible mire of names. The 
nomenclature that we have used (Ross and Ross, 
1985) is based on naming each of the third-order 
sequences after the marine highstand limestone 
(or limestones in some cases) which commonly has 
a fossil fauna that aids in interregional 
correlation. 
This has the advantages of using names that 
currently have an existing geographic basis, an 
established stratigraphic usage, and, often, a 
well known fauna associated with the name. In 
this system of nomenclature many depositional 
sequence names are taken from named members and 
beds. Their use as depositional sequence names 
can be clearly indicated by use of the words 
"depositional sequence" or "sequence" after the 
geographic part of the name. For some, an 
appropriate limestone name is not available and 
other well-known rock names have been used 
instead. Because of the distribution of 
available space on the charts, we show these 
names in the eustatic curve column, however, they 
may be used for both the sequence and the 
sea-level cycle because the concepts of 
third-order depositional sequences imply changes 
in sea level (either local or eustatic) during 
the deposition of a sequence. This makes use of 
the same name for the eustatic sea-level cycle as 
for the depositional sequence. 
Thus, it is feasible to discuss the Menard 
Limestone as a lithologically identified rock 
unit, the Menard (third-order) depositional se­
quence as the name bearer for an unconformity­
bounded unit with the Menard Limestone as its 
typical marine highstand limestone unit, or the 
Menard sea-level cycle. 
This use contrasts with that of the 
geological Survey of Great Britian (George and 
others, 1976; Ramsbottom, 1973, 1977 , 1979; 
Ramsbottom and others, 1978) which used a series 
of letters and numbers to identify individual 
third-order depositional sequences (mesothems). 
CAUSES OF SEA-LEVEL CHANGES 
A number of causal mechanisms have been 
proposed to explain sea-level changes, however, 
none of these by themselves completely explains 
the phenomena as we presently understand them in 
the late Paleozoic. The most difficult problems 
are those that deal with the apparent differences 
in duration and magnitude of the sea-level 
changes such as those of the Tournaisian-Visean 
compared to those of the Missourian-Virgilian. 
Several authors (Wanless and Shepard, 1936; 
Crowell, 1978; Frakes, 1979; Heckel, 1986; and 
others) have presented good arguments that 
cyclothem (or fourth-order) magnitude sea-level 
changes are likely associated with repeated 
glaciation in Gondwana and have durations that 
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Milankovitch eccentricity cycle used by some to 
explain Pleistocene glaciation (Veevers and 
Powell, 1987). 
In addition to the Milankovitch eccentricity 
cycles, other causes for glaciations and other 
causes for cyclic desposition have been proposed 
including changes in the geographic position of 
land areas, mountain building, climatic rainfall 
cycles, flow of ocean surface currents, and 
general climatic cooling. Each of these could 
and probably did make important contributions to 
late Paleozoic climates and temperature 
distributions. 
On the other hand, when viewed on the level 
of third-order (mesothemic) cycles, or the even 
larger second-order (subsynthemic) cycles, it 
appears that other causes are superimposed on the 
smaller cycles. This suggests that the lack of a 
clear cut distinction between the different 
orders of cycles is the result of mUltiple causes 
which act in combination to determine a 
particular sea level at anyone point in time. 
The shifts in patterns of magnitude, duration, 
and also in temperature (as indicated by the 
production of carbonate deposits) of these 
changes in eustacy strongly suggest that the 
relative importance of one causal mechanism 
relative to the importance of one or more other 
causal mechanisms probably changed with time. 
Tectonic events, although associated with 
local sea level through uplift and downwarp, also 
involve segments of thrusting along orogenic 
belts which tend to add rock material to 
continental margins and remove it from ocean 
basins. This results in changes in the volume 
and shape of ocean basins and causes lowering of 
sea level. Sediments eroded from these uplifts 
gradually fill the basins and cause sea level to 
rise again. In this way, local tectonics may 
contribute to the fall and rise of eustacy. 
The motion of crustal plates, in addition to 
being the driving force for orogenies, also is 
associated with sea-floor spreading and the rate 
of growth or subsidence of mid-oceanic ridges. 
Rapid rates mean hot, topographically high 
ridges, diminished ocean basin volume, and high 
sea levels. Donovan and Jones (1979) estimated 
that sea level could change by as much as 300m by 
this means, but at rates of about 1 cm/1000 years 
(or only 10m/m.y.). Pitman and Golovchenko 
(1983), who studied passive continental margins, 
summed up the problem of causal mechanisms stat­
ing that glacial fluctuation is, at present, the 
only known mechanism that could exceed sea level 
change rates of 1 cm/1000 years, but that other, 
still unknown, mechanisms may exist. 
SUMMARY 
Late Paleozoic depositional sequences in­
clude particularly good examples of transgressive 
and high stand system tracts and their bounding 
unconformities. Shelf margin wedges are only 
locally well preserved and formed during times of 
generally lower sea level, such as in the 
Morrowan. 
Third-order depositional sequences include 
more than seventy Carboniferous and Permian 
cycles which may be grouped into six larger or 
second-order sequences. These six in turn are 
parts of the larger Kaskaskia and Absaroka 
sequences of Sloss. 
The upper Tournaisian and lower and middle 
Visean sequences (Ramsbottom, 1973; Mamet, 1974; 
Conil and Lys, 1977; Armstrong and others, 1979, 
1980; Paproth and others, 1983) have predomi­
nately carbonate transgressive and highstand 
systems tracts with basinward progradation of the 
carbonate facies in which the carbonate banks had 
steep outer slopes facing starved or semi-starved 
intracratonic basin. Isolated carbonate mounds 
and coalescing bioherms and mounds are common. 
Several carbonate producing com munities were 
present and each formed distinctive depositional 
facies (for example, Tubiphytes mounds, bryozoan 
bioherms) . 
The amount of sea-level change in anyone 
third-order cycle was commonly large, perhaps as 
much as 100 to 200 meters. This seems particu­
larly evident in cycles from the upper part of 
the Lower Carboniferous (Chesterian) until well 
into the lower part of the Lower Permian (Wolf­
campian) (Sinitsyn, 1975; Willman and others, 
1975; Yablokov, 1975). Almost all these depo­
sitional sequences have at their base uncon­
formities that display channelling and erosion on 
the shelves (type 1 unconformities). 
A larger second-order cyclical sea-level 
trend is clearly superimposed on these 
depositional sequence cycles. This trend is 
shown by a general lowering of sea-level (Ross 
and Ross, 1981) around which third-order cycles 
are clustered in the lower part (Morrowan and 
Atokan) of the Middle Carboniferous. Only a few 
of those third order cycles reached the top of 
cratonic margin. 
The upper part (Desmoinesian) of the Middle 
Carboniferous and the Upper Carboniferous are 
characterized by large, internally complex 
third-order fluctuations in sea-level with 
relatively short periodicity (Moore and others, 
1951; Harrison and others, 1979). These sea 
levels reached high onto the shelves and fell to 
or below the shelf margin in relatively short 
periods of times (1 to 1.5 million years). 
Although the lower Wolfcampian sequences are 
transitional with those of the Upper Carbonifer­
ous, by Leonardian time the duration of these 
sequences gradually became longer and the magni­
tude of the sea-level fluctuations decreased. 
During the Leonardian and Guadalupian, the 
transgressive and highstand systems tracts again 
are locally dominated by carbonate facies. These 
are well developed and well exposed around the 
western and southern edges of the intracratonic 
Delaware Basin in west Texas and southeastern New 
Mexico. Although they include some carbonate 
transgressive systems tracts, most carbonate 
producing communities easily kept up with the 
rate of sea-level rise and the over-all deposi­
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tional relations are highstand systems tract 
geometry with shallow, steep platform edges 
maintained throughout most rises of sea level. 
Carbonate shelf margin system tracts developed 
quickly when sea level did reach its high point 
in the cycle because most of the "accommodation 
volume" had been filled by transgressive car­
bonates as sea level rose. At the end of 
Guadalupian time, general (second-order) sea 
level had dropped to near the cratonic margin. 
The magnitude of the fluctuation also continued 
to decrease so that seas did not flood the 
shelves again during the Paleozoic. 
The uppermost Permian (Djulfian) is 
represented by nonmarine or evaporite beds in 
most intracratonic basins (Kotljar and Stephanov, 
1984), including the Delaware basin area, but is 
well defined with fossil zones along the cratonic 
margins of the Paleotethys (Noe, 1987), 
particularly in South China (Sheng, 1963; Chao, 
1963). There, the faunas suggest very warm shelf 
waters and relatively low general sea levels at 
or near the shelf margins. 
C. A. Ross thanks Chevron U.S.A., Inc., for 
permission to publish. 
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